esting problem in tumor biology, as instability is one of the main reasons for current therapeutic failures and acquired resistance in cancer therapy. Thus, molecular targeting of pathways responsible for genomic instability or selective killing of cells carrying chromosomal imbalances would have a tremendous impact in the clinical management of individuals with cancer. 
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TIMP3 checks inflammation

Roy A Black
Mice deficient in the metalloprotease inhibitor TIMP3, which inhibits the tumor-necrosis factor alpha (TNF-α)-converting enzyme (TACE, also called ADAM17), have elevated levels of TNF and severe inflammation in the liver. This result confirms the physiological importance of the soluble form of TNF and identifies TIMP3 as a crucial regulator of this inflammatory cytokine.
TIMP3 was first identified, inauspiciously, as a chicken protein similar to two wellstudied mammalian inhibitors of matrixdegrading metalloproteases 1 , but its biological importance has become increasingly apparent. It induces apoptosis 2 , inhibits angiogenesis 3 and impedes cell migration 4 , at least in tissue culture or when overexpressed in vivo. Whether these effects occur physiologically is not known. In a new study on page 969, Fazilat Mohammed and colleagues 5 show that TIMP3 is a physiological regulator of inflammation. The authors found that mice lacking TIMP3 develop inflamed livers, and that the cause of this inflammation is an increase in TNF-α activity. All four known TIMPs 6,7 control the matrix-degrading metalloproteases, which have roles in many normal and pathological processes involving extracellular matrix turnover and cell migration 8 . TIMP3, uniquely, also inhibits TACE, a protease that generates soluble TNF from the cellsurface form of the cytokine [9] [10] [11] . Consistent with this in vitro activity, TIMP3 blocks the release of TNF from cells in tissue culture 12 . TNF is a key inflammatory mediator that causes severe liver damage by a variety of mechanisms 13 (Fig. 1) . The demonstration by Mohammed et al. 5 that TIMP3 controls TNF levels in vivo, and that this check prevents spontaneous inflammation, is a landmark in the TIMP, TNF and inflammation fields.
The TIMP3 cascade
Mohammed et al. readily detected TNF in liver homogenates from Timp3 -/-mice, but not in those from wild-type mice or in any other tissues from Timp3 -/-mice that they tested. TACE activity was greater in liver homogenates from Timp3 -/-mice than in those from wildtype mice. They observed predicted consequences of TNF signaling, such as NFκB activation and IL-6 production, in livers of Timp3 -/-mice. By 22 months of age, livers of these mice showed lymphocytic infiltrates and necrosis. Timp3 -/-mice that also lacked the type I TNF receptor (the primary transducer of the inflammatory effects of TNF) showed none of these signs of inflammation. This finding confirmed that the inflammatory damage was due to TNF activity. Livers of Timp3 -/-mice that had undergone a partial hepatectomy had even higher levels of TNF, which persisted well beyond the transient rise seen in livers of wildtype mice that had undergone a partial hepatectomy. Livers of Timp3 -/-mice showed severe necrosis after initially normal regeneration, and treatment with a neutralizing antibody against TNF prevented the tissue damage. Two caveats should be noted. First, a developmental defect might make Timp3 -/-mice more prone to produce TNF, although the only aberration in development that has been observed is in the lung 14 . A conditional knockout will be required to rule out a developmental cause of the phenotype. Second, the evidence for elevated TACE activity, increased cleavage of a peptide substrate by liver homogenates from Timp3 -/-mice, is not conclusive. Like all known peptide substrates of TACE, the one used by the authors can be cleaved by other proteases. The authors show convincingly that the increase in cleavage (i.e., beyond that observed with liver homogenates from wild-type mice) is blocked by an inhibitor of TACE (TIMP3, in fact) and is not due to other reported TNF-processing enzymes. Nonetheless, in the absence of specific TACE inhibitors and substrates, interpretation of these results requires caution.
The greater peptide cleavage by liver extracts from Timp3 -/-mice also leads to an interesting question. If the increased cleavage is due to increased TACE activity, is this elevated activity due to relief from TIMP3 inhibition or to the presence of a greater amount of TACE protein? This question arises because the authors note that there is an increase in the amount of mature TACE (the enzyme itself requires processing for activation) in liver extracts of Timp3 -/-mice. Another twist is that in the absence of TIMP3, there is not only more processed TNF but also more of the cell-associated form of the cytokine. One explanation for this is that, after an initial increase in TNF processing due to relief from TIMP3 inhibition of TACE, the resultant increase in soluble cytokine induces (directly or indirectly) the expression of TNF itself and the processing enzyme (Fig. 1) . A more radical hypothesis is that TIMP3 normally downregulates TNF and TACE expression, possibly through a cell-surface receptor or by blocking release of an inducer (Fig. 1) .
Insights into inflammation
Whatever the relevant target, how TIMP3 reaches it is not clear, because TIMP3 binds to extracellular matrix components 1 . It is also unclear why spontaneous inflammation in Timp3 -/-mice occurs only in the liver and not in the lung, gut or skin-other sites where the mice may be exposed to inflammatory stimuli from the environment. Both of the TNF receptors (I and II) are also TACE substrates, and perhaps in some tissues the increased release of TNF is balanced by an increase in soluble receptors.
If we set aside the two caveats noted above, and accept the less radical explanation for the increase in mature TACE protein and total TNF production ( Fig. 1) , this work settles two lingering issues in the TNF field: is the generation of soluble TNF important, and is TACE the main physiological TNF-processing enzyme? The answer seems to be yes, in both cases.
More broadly, whatever the mechanism, this paper suggests that TIMP3 has a physiological role in regulating TNF and inflammation. This conclusion has implications for understanding and treating human diseases.
For example, as the authors note, chronic hepatitis in humans involves lymphocytic infiltration as seen in Timp3 -/-mice. An examination of TIMP3 levels, TACE activity and TNF production in individuals with hepatitis could therefore lead to a better understanding of this disease, and these parameters should be considered in the study of other inflammatory conditions as well. Moreover, if a deficiency of TIMP3 is detrimental, could elevating its levels be beneficial in inflammatory conditions? Adenoviral delivery to rheumatoid synoviocytes has already been tested 4 , and at least one antiarthritic agent increases TIMP3 expression 15 . The work by Mohammed et al. 5 should stimulate many more such investigations.
